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TRACE ELEMENT ANALYSIS OF COAL BY NEUTRON ACTIVATION
Dean W. Sheibley

National Aeronautics and Space Administration
Lewis Research Center
Cleveland, Ohio

INTRODUCTION

This report presents the technology methods used at the NASA Plum Brook reactor
(PBR) to analyze coal by neutron activation analysis. The work was performed for
the Environmental Protection Agency (EPA) Division of Air Surveillance at Research
Triangle Park, North Carolina, by the NASA Plum Brook reactor at Sandusky, Ohio,
under an interagency agreement. Unfortunately, the work was terminated in January
1973 when the Plum Brook reactor was closed.

The general scheme of analysis - sample preparation, irradiation, and sample

‘counting ~ is described. The discussion of data reduction includes the computerized

method, interference corrections, and the precision and accuracy of the method.
Some typical trace element results are given for coal, fly ash, and bottom ash. The
manpower requirement for the analysis of 1000 samples per year 1is stated.

THE ANALYSIS SCHEME

Figure 1 shows the overall analysis scheme used at PBRF to analyze coal and fly
ash samples by neutron activation analysis (NAA). (These same techniques and meth-
ods, with only slight modification, were used for the NAA of keroseme, jet fuel,
gasoline, fuel o1l, residual oil, ore, air particulates on filters, bottom ash, sand,
clam tissue, corn, cement, limestone, stack scrubber water, crab shells, and river
water. )

The basic procedure used two aliquots of the sample. One aliquot was encapsu-
lated in a polyethylene vial, the other in a synthetic quartz (Suprasil) vial. The
polyethylene vial, containing 50 to 100 milligrams of coal (10 mg or less of fly
ash), was irradiated for 5 minutes in a thermal neutron flux of 1.5<1014 n/cm2/sec.
Then the irradiated sample was counted at decay times of -5 minutes, -30 minutes,
and 24 hours. The quartz vial was irradiated for 12 hours in the same flux and
counted at about 3 weeks decay.

Samples were counted on a 4096 channel gamma ray spectrometer using a Ge (Li)
detector with a crystal diameter of 35 mm and length of 27 mm. Acceptable counting
distances ranged from 3 to 40 cm, with detector dead time restricted to <20% when-
ever possible. The detector resolution was 3 keV with linearity adjusted to
1 keV/channel and maintained at *1 channel or less.

DATA REDUCTION

Altogether there were two irradiations associated with each pollution sample,
and four counts - 5 minutes, 30 minutes, 24 hours, and 3 weeks decay. Each count of
each aliquot produced a paper tape. Each tape, along with information regarding de-
cay time, count time, flux level, sample weight, counting distance, and other param-
eters was processed through the data reduction code "SPECTRA."(1) Computing time on
an IBM 360 Mod 67 was under 1 minute for all four tapes associated with one sample.
Data were reported to EPA as parts per million of each trace element in the sample.
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INTERFERENCE CORRECTIONS

EPA designates the elements Hg, Se, 4s, as "very hazardous." Ae a result, we
devoted much attention to the accurate determination of these four elements by NAA.
We found that, in coal, both selenium and ytterbium interfered with the detection of
mercury; ytterbium interfered with selenium; and bromine and antimony interfered

-t Y.
with arsenic.

The appendix to this paper describes how factorial experiment design techniques
were used to derive empirical correction factors needed for the accurate determina-
tion of Hg, Se, and As-.

PRECISION AND ACCURACY

Table 1 shows the standard deviation and the range ot counting precision asso-
ciated with the determination of trace elements in coal. The standard deviation is
based on five aliquots.

Table 2 provides information on the accuracy of the NAA methods. Results of
NAA of NBS standard reference materials (trace elements in a glass matrix) are com-
pared with certified and interim NBS values. Other elements reported to EPA were
frequently checked with homemade standards and with standards submitted by EPA.

TYPICAL TRACE ELEMENT RESULTS

Tables 3.1 to 3.4 show the form of computer outputs typically obtained, one for
each of the four spectra associated with one sample. The data include the PBR sam-
ple number, the EPA identification number, and the input data required for the com-
puterized data reduction. The third column shows the 56 elements that were rou-
tinely reported. Column four gives the results in ppm, and column 5 gives the
standard deviation at 1o in ppm.

Typical results are tabulated in table 4 for seven coal samples, bottom ash,
and fly ash., The results are given in ppm. The elements are listed along with the
isotopes actually detected. Examination ot the data shows that calcium, cerium,
iron, aluminum, barium, potassium, manganese, sodium, rubidium, tin, titanium,
thorium, uranium, vanadium, and zirconium are concentrated in fly ash. An addi-
tional comment regarding uranium and thorium: these elements are naturally radio-
active and are a-emitters. For each ton of coal burned, the potential hazard exists
of emitting 0.3 curies of a-activity, based on 1 ppm of uranium in coal.

No element in table 4 shows a higher concentration in the bottom ash than in
the fly ash.

THE ANALYSIS CAPABILITY

The analysis capability developed at the Plum Brook reactor was geared to ana-
lyze 1000 samples per year as a part time effort. The program was also geared to
developing the technology to handle and irradiate a large variety of pollution
related samples with a minimum of manpower. During a typical work week, 24 samples
were irradiated, counted, and reported. Total manpower expended averaged 3.0 to
3.5 hours per sample. Computer running time amounted to approximately 1 minute per
sample with 56 elements reported.

CONCLUDING REMARKS
The trace element analysis of coal using NAA has been shown to be an accurate,

reliable, and instrumental method of analysis. The associated technology was also
developed to permit the analysis of up to 56 trace elements in each of 1000 samples
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per year as a part-time effort. Computerized data reduction reduced the total man-
power required to 3.0 to 3.5 hours per sample.

APPENDIX - INTERFERENCE CORRECTIONS FOR MERCURY, SELENIUM, AND ARSENIC
by Anne Bodnar

The elements Hg, Se, As, and Cd are designated as "very hazardous' by EPA.
This appendix describes the method used to derive the complex correction factors re-
quired to achleve an accurate determination of Hg, Se, and As by NAA. Cadmium did
not require any special interference corrections.

We detected an accuracy problem with the determination of Hg in coal. A count
at 5 to 6 weeks decay time produced a Hg result ranging from 2 to 10 times smaller
than the value obtained at 3 weeks decay. A correction for Se interference on H§
was being made, but, because of the similarity in the half-lives of Hg203 and se’5,
the low Hg results at 6 weeks decay could not be explained.

A search of the Nuclear Data Tables(2) produced another interference: 4.2-day
Ybl75, Not only did the 282-keV peak of Ybl95 interfere with Hg 03 but also the
400.7-keV peak of se’3 interfered with the 396-keV peak area of ybl 5, which was
used for the Yb: correction on Hg203. In addition, another Yb isotope, 32-day Yb169
interfered with the 264-keV peak area of Se’3, which 1s used in the correction on
Hg 03 (peak area at 279 keV). These discrepancies were not eliminated by using
theoretical corrections.

Finally, the problem was resolved by irradiating standards and mixtures of
standards in a factorial experiment. The experiment design was a full factorial ex-
periment with three variables (Hg, Se, Yb) at two levels, with replication, and with
a center point added to test higher order effects. The high level was selected as

100 micrograms (ug), the low level as 10 ug. Table A-1 shows the treatments that
were used.

Regression analysis on the data was used to estimate the coefficients in a pre-
dictive model equation. The dependent variable was chosen as the difference between
the computer calculated value for Hg (or Se or Yb) and the true value. Independent
varlables were the other two elements plus plausible interactions (e.g., the inter-
action of Se-Yb on Hg). The coefficients derived for the predictive equations
served as the basis for the empirical correction of Yb on Se and vice versa, and
Yb~Se on Hg. Table A-2 compares the theoretical correction factors with the final
form of the corrections based on the empirical data. A special subroutine was added
to the SPECTRA computer program. The program was then tested by irradiating and
analyzing other known samples. The calculated values agreed with the known sample
contents. The method now allows us to determine Se and Hg in the presence of inter-
ferences which may be ten times greater in quantity.

This same technique has been used to determine arsenic in the presence of
bromine and antimony.

REFERENCES

1. G. A. Borchardt, G. E. Hoagland., and R. A. Schmitt, J. Radioanalyt. Chem., 6,
241 (1970).

2. Anon., "Nuclear Data Tables," Academic Press, New York, N.Y.
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TABLE A-1
Treatment Se Hg Yb
1 -1 -1 -1 (-1) indicates low level, 10 g
2 +1 -1 -1
3 -1 +1 -1 (+1) 1indicates high level, 100 ug
4 -1 -1 +1
5 41 4l -1 CP indicates (High 1eve12+ low level
6 -1 +1 +1
7 +1 +1 +1
8 +1 -1 +1
Replicates
4 -1 -1 +1
7 +1 +1 +1
8 +1 ~1 +1
Center point Ccp cP cp
TABLE A-2

1. Theoretical corrections for Se and Yb interferences on Hg

1. A = A, - 0.0369 X
2. B, =B - 0.118 A
3.1, =

D -0.959 B_ - 0.387 A
u 4 c

2. Empirical form of Se and Yb correction factors for interference on Hg

-
g
u

¢ = A, - 0.0433 X

[
(=]
[]

0.443(B_ - 0.118 A )
u 4
3. D = Du - 1.65 B, - 0.387 Ac
where Ac = gelenium 264.6 KeV area corrected for Ybl69
Ay, = net area of selenium (264.6 KeV), uncorrected
X = net area of Ybi®% at 177.2 KeV
B, = ytterbium 396.1 KeV area corrected for selenium (264.6 KeV)
B, = net area of ytterbium (396.1 KeV) uncorrected

Dc = mercury 279.1 KeV area corrected for selenium and ytterbium

D, = net area of mercury (279.1 KeV) uncorrected

)




Element

TABLE

Antimony
Cerium
Cobalt
Europium
Gold
Lanthanun
Thorium
Scandium
Silver

Ce
Se
Hg
Cr
Cs
Ag

Zr
Zn
Fe
Co

Ni

TABLE 1

1
<3
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. - PRECISION OF EPA ROUND ROBIN COAL SAMPLE

ppm % std dev (lo) Range of counting
precision at
1 std dev,
%
1 312 12 10-20
36 11 5-10
5 700 9 0.6-1
0 500 50 —e=ee=
0.98 8 8-12
340 12 5-8
93 10 8-11
2.8 14 12-30
38 7 0.5
890 28 12-33
370 9 2-3
750 10 2
4 070 14 8-15
14 6 3-5
5.9 9 10-12
20. 15 9-12
3 500. 10 3-4
<55 23 e
17.3 5 1-2
3.8 13 25-33
0.95 10 7-40
19 4 3-5
2.6 3 8-10
<0.4 25 ——
<70 55 - ———
7.5 -— 33
7 520 2 1
5.5 15 1-13
6.4 24 8-15
<65 3T meeee

COMPARISON OF NBS STANDARD REFERENCE MATERIALS WITH PBR RESULTS

610" /PBR

(390)/135%14

(25);2012

NBS 612/PBR

(39)/37:2
(35)/31¢1
(36)/26:1
(5)/4.7:1
(36)/35t15
37.6+.09/31.2:1

(254)/180+80 22.0+.8/3147

NBS 614/PBR

NBS 616/PBR

(1.06)/1.17.1 0.078+.007/0.12+.02

0.73£0.02/0.59+.006
0.991.04/1.1¢.6 .
(0.5)/1.0:.8

0.53+.02/<2
0.746+.007/0.582.15 0.02
0.59+.04/0.68t.23 0.02
0.46+.02/0.57+.07

5+.004/0.018+,002
6:.012/0.020+.004

*
NBS values in parentheses are interim values for various reasons. Others are cer-
tified values.



64

%0 59¥0%90:i6%°0 * 20 3%1>5T6Evi°0 » o ¢ S * 092lvavdgs--—- ¢
20 3L5%%22%9°0 ¢ %D a313Z2E1%¢ °0 ¢ v ¢ Ov2lysvas—-- *
00 av5loels9°0 ¢ 20 3249369%<1°0 ¢ A ! DsZlVavyd--- ¢
20 3I%00E16EY “0 ¢ €0 d7€EF0OERECC ¢ . 1+ ¢ 082lvdvgzi—~- *
20-3Cuo%289°0 ¢ 10-avilo6l9ws 0 ¢ Ha ¢ 0o2lvivgd--- ¢
1 vaallsa

Sailan Jivfty ¢00GCCOC" 0 3363473 &1V 33 SaAaDIUA

b IR VEY 0co°0 a3iVla 30 vidv wilas

*NJ*0S occeo 034iVIidV8al 431713 33 v:zav

*nJ0° 01 EFIY OV

*J3> dad W5 °0> oada “liv 1 302L1°0 TaA 3T X la

*Ja> 0°CCe ALl NUTAVIOVEd] 30 Hional

3 00°<c¢e Inil Gv3u

Savay 10-300%7 °0 SS¥a 3lanvs

*Jas 002 anii AINNODD

*Jas ‘Ols 3als AVJdd

O8l1Vi9ad---
ab9ve bduniiN I ToRVS

VIVQ 104100 NV INdNI TVOIdAL - T°€ 279Vl

S
599¢
389¢
s d9e
569

BNE]
Jua
HNY.]
Yud
B INEN




65

€0 S3gdvBELEC0
70 282039<¢L01°0
20-352€5922¢€ °0
¢C 2279418420
10 =z£€9L22s%°0
¢0 381799202 "0
10 5609061%9°0
16-27291€189°0
0C ZuT160604°0
10 deoleisiL®C
10 306210c09°0
10-35¢011211°0
10-54%29€859L°0

* 70 3oTOLEEET °C ¢ V) ¢ Qullvivaa----*
¢ 90 3TEIv9122°0 > 2 ¢ on ¢ Ov2lvVivaz--- ¢
¢ 10-32L81EQ051°0 > 3 ¢ N1 ¢ Qu2lvavag==- ¢
¢ 20 309¢ZLelw®0 > 3 ¢ sy ¢ Ovllvivad--- ¢
¢ 20 42809vTs2t0 i 91 % 0621vavas--- ¢
¢ %) 333sb9C11°C ¢ [P ¢ OsZ1V3Vasi—-——- ¢
¢ €0 38T0%gEVC°0 ¢ YN ¢ 0821VavVda--- ¢
¢ 10 32%50501¢€°0 ¢ NW * 0B2lVdvdi--- *
¢ 10 338Towesl®0 >0 ¢ 1 ¢ Oollvdvaa~-=-- *
¢ 20 3celelate"0 ¢ as ¢ Dwvllyvdyaz--- ¢
* 20 4802096cs°C . Vo ¢ Ovllvavaa--- *
* 00 dveslalis®d ¢ Ad ¢ OollVivai--- ¢
¢ 00 3L2568€59L5°0 i i ¢ 02lvivaz--~ ¢
7 VaalisA
Sv3liw JldNu 00330000°0 Usa3ilia div 33U awillTUA
*nJU> ¢cco* ¢ 34Vl 30 viav vauld
*nO%0S [N s ¢] J3iviovdnl wdilla =5 v3av
*wWl0°01 2JnwVlsiu
®J3AS g3a *wJ°LS aau * s1 10¢L1°0 FaA 27 Xz
® JaS C°0C¢e NOLLVEOVZai 30 Hluwal
c0°0¢ sala ©V3Q
SnVay 10-5002%°0 SSVa = 1aavS
®Jas *coot Int L aivi0)
*J3s -y R4 3nla AVJISY

Ov2lgdvda---

L:3C  wauAiin 3lanvd

ViVa L0dino aNV LAdNI TVOIdAL - Z'¢€ 3T4V1

L3%¢
Levyl
L9
LB9C
L872¢
Lo9c
L3952
Lddc
LyvC
L8Y¢
LuYc
IXET4
-ET4

Jud
udd
Jud
Jia
Jdb
Jdad
ddd
Yua
Jdy
vua
JJdd
N
Jud




66

€0 3SL16LL6E°0 * €0 321EH%I59°C > 3 ¢ Uw * OgZ2ivivad--- *
10-321542109°0 ¢ 10-36€1068L6°0 > 3 ¢ v ¢ 0821Viva3--- ¢
20 SHLEERLYS°0 * 20 31T2€1ges°0 > 3 ¢ yl) * 08Z21vivaa--- ¢
20 392L€S081°0 ¢ 20 3IL¥Ls1sw1°0 > 2 ¢ C9 ¢ 092lvivas-——-—- ¢
00 4S€461569°0 ¢ 10 396%e40%1°0 » 3 ¢ Mt 0”2Ivdvai-—- ¢
20 3.£088%69°0C ¢ 20 319969€06°0 > 5 ¢ i1a ¢ Quw2lvavaa==- *
0C 5682612%5°0 ¢ 10 WO0Ew.06%°0 ¢ vl ¢ 0d21v¢avdo——- ¢
20 31€2T1L8BEL°0 * €0 320E9L612°0 ¢ ¥ ¢ 08clvaids—=—-— ¢
00 3€6816015°0 ¢ 10 Swyvls7el0 s v9 * 0s2lvavgi--- *
10 3524€E%661°0 ¢ 20 396204978 °0 ¢ dgu ¢ 06¢1vavas-——- ¢
00 al%a2igl19°0 ¢ 10 3020460&1°0 ¢ sV % D&Z1lVvivas~--- ¢
00 3697€0£6E°0 * 10 Jocvlusdc,"C ¢ tiy ¢ OvZlvavda--- ¢
10--€C0EEEE6E°0 ¢ D0 35599521270 >3 ¢ v * 082lvavu3-=-- *
00 =859S9261°0 ¢ 10 226s3v79¢1°D ¢ el ¢ 082lvivga~-- *
16-3€C9L99€Z°0 ¢ 00 35t%c0v7%1°C ¢ 13 ¢ 0BZlvsvoz—- *
1C-38L€80€9€°0 ¢ 00 d120%¢<69°0 ¢ nS ¢ 0ugivavdz--- ¢
v vaall>

Sy¥3lim Il ococoooc* o U3d3l1Nls wlv 30 3ali’luA

*n2°0S occ*0 ¢34 Va3 40 vaav WLGL

*sJ°03 coc*o U3iVIOVadl odala au vaev

*wWl0° € IV anid

*3% d3a *mu°0d o3d “liv g1 202L1°0 TaA 3T X1 1s

°J3> C°Cit Seli NGLAVIGVEGT 30 Hiwnal
F3 0c° 01 dnla QVEJ
SavecY 10-200%%°0 SSVa alaniVs

033 *00C1
®Jad *00v8Y

Jall LNN0D
ania AV23G

CuZlvaVaa—-—
999¢  ti3umhiN 3TdRVS

Vivd 1NdLNO GNV INdNI TVOIdAL - €'t TIEVL

o9¢
%59¢
%652
959¢C
759¢
709¢
w29¢
"69¢
7092
26%¢
769¢
759¢
Y69¢
7092
7592
709¢



00 306062081°0 ¢ 00 392T14L194°0 ¢ vA ¢ 0821Vdvaa--~- * 1042 Duas
20 319098121 °0 ¢ 20 390u9%.LL£E°0 ¢ IN * Q0g2lvdved--- * 1042 vda
10 5€166962%°0 * 20 36£0%2191 °0 4 NS * 0o2lvdvad=-=-— ¢ 1042 Jua
10-31€£820890°0 ¢ 00 39ECbEGET0 > 5 ¢ OV ¢ DeclvdVas——=- ¢ 102 vud
10-319¢5€126 °0 4 00 dv2L26E56°0 ¢ us ¢ O0uZlvavad--- ¢ 10LC 94y
10-360€09:62°0 * 10 3549e615€°0 ‘ Ul % 0c2lvavai-=-- % 1042 Dda
20 ag2leieeZ o 4 40 462209%92°0 ¢ 3d ¢ Ovllvsvda--- ¢ 1042 9ds
10-392200202 °0 * 00 3I542H%4L01°0 ‘ vl ¢ 0321v3vald=-=-= * 102 944
10-3426€0%01° 0~ ¢ 10 J9sEeb6SE"0- i NZ * Owvllvavaia--—- * 1042 Yio
00 22%t61209°0 ¢ 10 30408%L2E°0 ¢ gd  * Oollvivasi--- * 1042 vdd
20-31%426925°0 ¢ 10 374504091 °0 ¢ 28 ¢ Q0uelvdvaz--- * 1012 udd

10-390562E%5°0 ¢ 00 3919492C%"°0 ¢ S ¢ 0621vavas--- * 12L2 vuo
20 30BEOETIH1 O ¢ 20 392€H%9Z9e "0 ‘ tZ * 08Z21vavdi--- * 10.C 9Yua
10 3600EY6E€1°0 ¢ 10 I993LL2L2°0 > 5 ¢ UN ¢ 0821VidVa3=== * 10uc¢ Yud
10-3eb6€9%661°C * 00 J0€25800E°0 ‘ aH ¢ 0821VivVad-—-- * 102 9us
00 2ol1815%.2°0 ¢ 10 3BL992¢2:6°0 ¢ <] ¢ 0821vaVa3--- * 10.2 Yuo
. 10-346%20Tes1°0 . * 00 3T69t1%56 ) ¢ Hi ¢ Jwdlvavad--- ¢ 1042 e
£0-396669829°0 . * 10-doLlvsec] G ¢ i * 0821Vvivaa=-=-=- * 102 9ud
00 a2322so021 °0 ¢ 00 3562w€5%9°D > ¢ 9H ¢ 0g21Vavdi~--- ¢ 10.C 214d
0C 209066€E%G°0 ¢ 10 2003550i%c¢°0D ‘ aS ¢ DullVavoa-~-= * 10u¢ dua
~ 10-391,99%€1°0 ¢ 00 3o.7¢%8c.1°0 ¢ ) ¢ Collvsvda~-- * 10.< vud
© 00 3€E9.98901°0 ¢ 10 3L919602.°0 s 5J ¢ Ovllvavas-—-~- * 10L¢ Jidy

: . : 1 Vaalld A

Sd3dian OldN) gooucoo0*C Gavddlla alv 4o anmlTUA

*nuUS 000°0 63llla S0 vdav WioL

‘ml*0S coc*0 G34viGvoal 430143 33U vaav

*nI0TE FUNVL T

*53S u30 *mu"0> B30 CiN w1l 30011°0 WAz Xus

*DJans C*Clcer anll NOTLVIGVaal dU maunald

: s [S1oRa A § anla Qvau

snVau 00 5%8GC7°0 3SVw 3 lamvs

*Jas *000% 3wid LNADD

MVER * 0000912 ddl o AVI33

Ouc1V49a3---

1042  oawnfiN ITdWVS

VIVQ LN4INO ANV 1OdNI TVOIdAL - %°¢ TV




68

0s>
89T
€01
000¢>

002 9T
ot>
0L€T

£2-1
yse A14

(11154
00>
0T
00ZT>

00z €7
0>
991

(44

L>
009 68
970>

-1
yse £14

HSV WOLLOS aNV ‘HSV

L0°0
1>
0TT-
L°0>

05°9
002>
<>

000 0¢

16°0
0°¢

L€

18°2
8°%1
Ly

0s>
%6
8°TL
006>

00¢€ %1
ST>
00ST

S 0>
¢>

00§ (9
z°0>

T2-1
yse
wo3jog

$0°0>
>
08~
S 0>

87°¢
0z
9>
0ST9

9¢”
06°0

0s>

t6°0
9°¢
76°T

0c~>
68T
0°82
001>

0966
0t>
S96

%°0>
9>
009 (T
€°0>

0z-1
Te0D

K1d *IVOD - »SATIWYS XONFAIV NOIIDALI:II

T0°0>
§9°0
0z
€°0

Z7°0
0sT>
6°C

ossYy

8T"
A"

0c>

€T°T
[N
70"y

oe>
06€T
L6°8
oe>

0T6T
9T
62

20°0
9°1
0LT"9
¢70>

6T-1
TeoD

N

X

.WWHAEME 98394yl JO 20ianos 2yl Telanal jou pPTnod vd4d UYls

620°0

e

09>
91°0

09°0
0ST~
s
009 1T

oc”
L9°0

0>

€0°¢
€761
%8°¢€

09>~

0sTT
9°01
00z>

06ce
0°6
sy

90°0
e
008 01
¢°0>

8T-1
10D

€L0°0
8°T
0>
16°1

$9°0
0
(284
006 0T

000 S
6T
139

ST 0
o>

00T 21
9°0>

L{1-1
1e0D

¢0°0>
S°0>
o>
9°0»

18°0

“0CT>

0y
00S6

0z

86°C
%1z
"6

08>

09.2
°91
otT>

o%9s
[44
8%

L0°0
8y
00t €T
9°0>

9T-1
Te0D

€0°0-
T
09>
S 0>

0S°0
&

Tx

00L €1

¢°0
85°0

62

9s°T
0°81
L0°¢

0oe>

0zt
€8°8
011> |

0%9 ¢
€
he

0T°)
>
080 8
L°0>

ST-1
Te2)

TVINTANOJIANA -~

$0°0>
T°0>
0L>
L°0>

S0°1
0L>
z°L
0.68

9¢°0
T

o¢>
et
(A [4
86°G

06>

028¢.
T°1¢
00€>

€00°0
00°¢
00¢ (1
670>

y1-1
Te0)

q1evL

1ugT T
871l
6STP
£0z3H

TuzgT™d
goTéd

99"
9eT50
15
09%2

(gc©2) N
8¢ ot
9120
STTPO

6v%2
7878
6£1°¢

86TV
9.5V
gz1v

WoT18Y

adojosy
\ucuEmHm



69

st
8T°0
vz

wy
002>
6y

LS
8°T
L°TT
000 OO0t~

00ze>
0¢>
000 %1

0009>
(44
0006>

8°1
LS
0086
£T

€2-1
yse A14

st
8170
AN

1399
€2¢
A

86°S
12
771t
000 00cC>

od
1>
Sy

00%T>
oy>
0tv8

000 €T1-
TLie
00%t

9°1
S¢
%906
8°6

2z-1
yse A14

T°61
[4 80
99°1

8ty
00T~
S°€

0T°¢
06°0
oL
000 89T

€70~
rAs
6°ST

00L>
ot~
0809

0022>
00¢
000 11>

€21
62
0LTL
1T

12-1
yse
wo3jod

6% L

8%0°0
S9°0

98
901
[

Lto'¢e
08°0
0t
000 002>

L0°0>
$°0>
99°8

0001>
L>
0882

00TE>
€6
0z¢eT1

16°0
0t
018T
L

0z-1
1800

€L°T
ST0°0
L(T°0

7€
0T~ .
18°0

(A2
98°0
0°z
000 Ot~

90°0>
€70
86°L

001>
€>
L8Y

00Z>
ST
009>

(A4
¥°s
0691
8°1

61-1
1200

¥8°2
2z0°0
8T1°0

0s
oY>
1

982
29°0
(1°¢
0006~

90°0=~
¥°0>
891

00¢>
L>
LS¢

00¢>
8¢
1139

Se0
€L
02yt
9°T

8T-1
Te00

%8°2
S20°0
SZ°0

99
0Z>
AR}

61°¢
€6°0
e
000 L~

(4}
9¢

8y LE
L9

LT-1
1200

£2°¢
£20°0

{2°0

2L
9
't

66°7
[A5N
8°¢
000 €S-

9T-1
1200

HSV HOILOH® ANV ‘HSYV ATd “IV0D - SHTAWYS AONEOV FAILDILONd TVIMIHNOYIANI

0LT>
A
788

00L>
29
058>

9€°0
LS
%9492
6°1

ST-1
1203

+8ursstu ®lEQ
¥

61°% (geTBd)UL
9€0°0 0979L
<€°0 28 1°L
§°9L Eh._”._”cm
9 uygtS
£€T°T €gT1s
ST°Y G198
96 % 94°S

¥ Nﬂm
€0°0~ .wo._”_.a
£o 8810
9°5T 9g®
00€> Le13d
L> Lyt
oszt yzeN
009> 66°H
<6 oc™
oS> NNQ
850 L™
A oyT®1
0ETL zod
€S 26T
¥1-1 adojost
1800 /3uswaTy

‘panuijuo) -~ 4 ATAVL



70

95S 00Y 192 Lot 0g> 0> oy~ s> 0s> 0s- c6?
%€ 662 L81 0002 00%> 8TT 8yT (1144 000€:- %92 59uZ
6°2 8t 9€°7 %8°0 16°0 9%°0 €8°T 90°% 88°1 89°¢ o™
oe> 0z et 0z 143 4 2> v°0> £°0> > 19T
%9 59 62 81 ST £7 (e 9z £z ve zehA
6"y LY L't €T 89°0 8°0 Y1°1 8°0 96°0 St 6cz
8TYE 08zy 0z8t €68 625 806 086 809 z16 0891 Hnma
TZ-1

€1 -1 yse 0z-1 6T-1 811 LT-T 9T:1 ST-1 41-1 adojost
yse hHh Smﬂ hH.w wmojjoyg HQOU HNOU HNOU HNOU HNAO .H,NOU HNOU \uﬂﬂ_ﬂwﬂm

ESY KOLl09 QNV ‘HSV A1d4 ‘TV0D - STATAWVS. AONEAOSV FAIIDAIONd QEEEOE__PZN ‘pepnioucy - °4 ATAVL

1
i




71

(A) | SAMPLE ENCAPSULATION

ALIQUOT IN|ALIQUOT IN
QUARTZ POLYETHYLENE

! !

{B) | IRRADIATION 12 HR {C) | 1RRADIATION
FLUX 1. 5x10'4 NiCM-SEC 5 MINUTES
J | FLUX 1. 5x1014 NicM2-SEC
o s “{E) | COUNTING
DECAY SMIN-10 MIN DECAY
20 - 40 MIN DECAY

!

(F} | COUNTING
24 HOURS DECAY

PAPER TAPETO
MAG TAPE CONVERSION
ADD PREDATA INFO

i

LOAD MAG TAPE INTO
1BM-360 )

!

EXECUTE ""SPECTRA' ANALYSIS
1BM-360 (ANSWERS)

G

X-Y PLOTS
OF yRAY PROGRAM LISTING
SPECTRUM

L—[ CHECK, VERIFY, AND EDIT DATA |1 To i 1T DATA

Figure L - Flow chart showing scheme for sample irradiation, counting, and data reduction of coal samples.




